The first risk posed by heavy metal pollution in an ecosystem is metal accumulation in the biomass of growing plants, which has harmful effects on human health. Natural-based nanoparticles are efficient in remediating environmental pollutants because they have a high surface/volume ratio, high chemical activity and produce no harmful side-products. The present study investigates the capacity of natural-based nano-porous adsorbents for reducing the availability of heavy metals to annual alfalfa (Medicago scutellata L.) roots and keeps them in soil. In a factorial experiment based on a randomized design (with four replications), three nano-adsorbents (nano-activated carbon, natural nano-zeolite and modified nano-zeolite) and two heavy metals (lead and cadmium) have been tested. The results demonstrated that applying the highest rate of activated carbon and modified nano-zeolite reduced shoot Pb content by 34% and 33.2%, and shoot Cd content by 35.5% and 46.7%, respectively, compared with the adsorbent-free control.
Introduction
There are several methods for removing environmental pollutants. Using nano particles is one of the most novel ones. Heavy metals and agrochemicals are introduced into the environment on a large scale through natural sources and human activities. The anthropogenic input of these materials in the environment is far higher than that introduced by natural processes; resulting in the accumulation of heavy metals in the environment (Samarbakhsh et al., 2009; Hoseinzade et al., 2016) . Presence heavy metals in soils can be attributed to various environmental variables which include, but not limited to soil properties, parent material and human contribution such as irrigation and farming (Hu et al., 2014) .
In recent years, heavy metals pollution in pastures has caused environmental problems. Forage crops are the most important source of livestock food production, with legumes being particularly important. The persistence and bioaccumulation of heavy metals in the tissues of organisms enable them to move up the food chain. This has triggered research on the patterns of heavy metal accumulation and distribution in forage crops in order to ensure consumer health.
Annual alfalfas, as legume forage crops, are a suitable choice for heavy metal accumulation studies because of their palatability, high forage yield, and high content of protein, vitamins, calcium and nitrogen. Annual alfalfas have a higher forage quality, nutrient content and energy compared with many other forage crops (Cocks et al., 1992) . Medicago scutellata L. is one of the species of annual alfalfas with good quality and yield in Iran. Quality is an important factor for comparing and evaluating the value of crop plants, especially in the case of forage crops.
Today, using nanotechnology to remove pollutants once they have entered the environment has become a more commonly used method. Compared with physico-chemical determining the effective parameters and optimum conditions to obtain the best adsorption efficiency.
One of the most important applications of nanotechnology is the remediation of chemical pollutants in soil, water and air. This technique enables removing small sized pollutants < 200 nm in water resources and < 20 nm in air. The present experiment studies the effect of chemical treatment on the zeolite adsorption rate, and consequently examines the effect of nanopores in natural/modified zeolite and activated carbon on cadmium and lead absorption by Medicago scutellata L.
Materials and Methods
Three experiments were conducted under greenhouse conditions in the form of a randomized design with three replications in 2016. Soil samples were initially analyzed in the laboratory to make sure they were lead and cadmium free. Then, soil lumps were ground and passed through a 4 mm sieve. The soil was polluted with the pollutants at rates higher than the allowed limit. The polluted pots were kept for 30 days to fix the chemical condition of the soil and reach a uniform soil mixture. Then, these treatments were applied to the pots, and the seeds of Medicago scutellata L. were cultivated. To evaluate the effect of treatments on the plant, sampling was conducted at the beginning of the flowering stage. At this time, the whole plant was harvested, washed with deionized water and dried at 70 °C in an oven. This was followed by plant analysis and measurement of heavy metals in plant tissue.
The first experiment (natural nano zeolite)
The properties of the utilized zeolite are listed in Table  1 . This experiment was conducted in three replications with three factors. The first factor was natural zeolite with nanopores in five levels including 0, 30, 60, 90 and 120 g zeolite / 21000 g soil (the full capacity of pots was 30 kg). The nanopore size of this zeolite was 0-3 mm. The second factor was the lead pollution in two levels including (1) a pollutant-free control, (2) lead in the form of 99% lead nitrate at the rate of 400 mg lead in one kg dry soil, The third factor was cadmium pollution in two levels including (1) a pollutant-free control (2) cadmium at the rate of 8 mg cadmium in one kg dry soil. 3 kg of sand poured into the bottom of each pot for drainage. Irrigation was also conducted from the bottom of the pots.
The second experiment (modified nano zeolite)
In this phase, the natural nano zeolite was treated with 2N nitric acid. Initially, zeolites were washed, oven-dried at 72 °C oven and placed in 2N nitric acid for 20 h. Then they were eluted with distilled water and dried at 72 °C. This zeolite was incorporated with the soil at the required rates prior to cultivation. The specific surface area was measured by the BET method the see Table 2 .
This experiment, like the first one, was conducted in three replications with three factors. The first factor was modified zeolite with nanopore in five levels: 0, 30, 60, 90 and 120 g zeolite/21,000 g soil. The second factor was lead in two levels: (1) a pollutant-free control, (2) lead in the form of 99% lead nitrate at a rate of 400 mg lead in one kg and biological approaches, it is easier and more cost effective to apply (Tratnyek and Johnson, 2006) . A range of different adsorbent types are now available with pores at the nano scale or larger. What make nano adsorbents different from other types of adsorbents are pore stability and uniformity, high specific surface area, adjustable pore size, very low toxicity, high stability, environmental adaptability and biodegradation ability (Chen et al., 2010) . Different types of zeolites and activated carbon are examples of micropore adsorbents; Also Several adsorbents such as zeolite, silica, and activated carbon could be used in the water treatment. Zeolite as a kind of adsorbent material has lots of advantages, such as wide range of sources of raw materials, being cheap and having good adsorption effect, is widely used as adsorbents, ion exchangers and catalysts which could also be used for drying gases, purification and sewage treatment (Ok et al., 2007) .
Activated carbon is still the most commonly used adsorbent for remediating environmental pollution because of its high specific surface area and high purity rate. Adsorption is the most suitable technique for removing pigmented pollutants and recycling industrial sewage (Tsui et al., 2011) . Another advantage of activated carbon is that it is cost effective for developing countries to produce from cheap and easily available raw materials. Numerous studies have tested the production of activated carbon from various organic materials. Activated carbon may be produced from groundnut (Song, 2012) , industrial wastes (Kadirvelu, 2005) and bamboo wastes (Ahmad and Hameed, 2010) . In all of these studies, activated carbon efficiently removed pollutants. Some studies indicate that natural zeolites such as clinoptilolite can absorb volatile organic compounds. Clinoptilolite mines are present in several regions Iran, making it an easily accessible adsorbent. Application of zeolites can reduce significantly the availability of Cd, Pb and Zn in soil, through the adsorption process (Argiri et al., 2013; Putwattana et al., 2015) Zeolites have a tetrahedral molecular geometry with four oxygen atoms orbiting a silicon atom; they have pores and channels measuring 3-10 angstrom. This structure gives zeolites cation exchange capacity of 2.16-4.73 meq/g (Kayabali and Kezer, 1998; Kocaoba et al., 2007) . These features make zeolites suitable adsorbents for the removal of heavy metals. Panuccio et al. (2009) used zeolite to successfully remove low concentrations of cadmium from the aquatic environment. Wingenfelder et al. (2005) tested the effect of natural zeolite from Slovakia and the modified form on cadmium and other heavy metals removal. The results showed that natural zeolite had low capacity for cadmium adsorption, but efficiently adsorbed other heavy metals such as. In contrast, the modified form had high capacity for cadmium adsorption. A range of studies are available on the effect of different treatments for activating and improving the beneficial characteristics (adsorption efficiency) of zeolites (Benkli et al., 2005; Ghobadi et al., 2008) . Panneerselvam et al. (2008) for example treated zeolite with phosphoric acid which enhanced its capacity for copper adsorption. Accordingly treating zeolites with acids is a key method for improving zeolite adsorption efficiency (Ghobadi et al., 2008) .The fact that each group of zeolites responds differently to chemical treatments calls for dry soil, The third factor was cadmium: (1) a pollutant-free control (2) cadmium at a rate of 8 mg cadmium in one kg dry soil.
The third experiment (nanoporous activated carbon)
This experiment tested nanoporous activated carbon derived from lemon wood. The type of the activated carbon (micro-, meso-or macro-) and its distribution percentage was determined with an electron microscope and its granulation was assessed using an 80 mesh sieve. The activated carbon properties are listed in Table 3 . As above, the third experiment also studied the response of Medicago scutellata L. to the treatments in three replications with three factors. The first factor was nanoporous activated carbon at the levels 0, 10, 20, 30 and 40 g activated carbon/ 21,000 g soil. The second factor was lead in (1) a pollutantfree control, (2) in the form of 99% lead nitrate at the rate of 400 mg lead in one kg dry soil, The third factor was cadmium in (1) a pollutant-free control (2) at the rate of 8 mg cadmium in one kg dry soil. The pollutants were added as cadmium chloride [CdCl2 2½ H2O = 228.35, from CHEM-LAB Belgium] and 99% lead nitrate [Pb (NO3)2 from CHEM-LAB, Belgium]. In a first step, the required amount of each pollutant for 21,000 g soil was measured. Then, the determined amount was dissolved in 2 L water and added to the pots from the top side.
Statistical analysis
Analysis of variance was conducted using SAS, and means were compared according to the Duncan's multiple range test at P≤0.05. Curves were drawn using Excel 2007 software.
Results and Discussion

Lead and cadmium accumulation in plant roots and shoots in response to natural and modified nano zeolite
Application of natural zeolite significantly (P≤0.01) reduced the Pb and Cd concentrations in shoots and roots of the plants (Fig.1 a,d and 2a,d ). Analysis of variance of the measured traits is given in Tables 4, 5 and 6. For comparisons of means, see also Figs 1, 2 and 3. The lowest Pb concentration in shoots was achieved with the highest zeolite application. This demonstrates that zeolite is an efficient adsorbent for reducing heavy metal translocation from polluted soils to plant tissue. The highest of Pb and Cd contents in plant roots and shoots was related to Z0Pb400Cd80. Comparing zeolite application rates also indicated that the lowest absorption and translocation of Pb and Cd to alfalfa roots and shoots was related to Z120Pb400Cd80. Increasing the application rate of zeolite reduced the Pb and Cd content in both plant parts; this reduction trend was more evident at 90 and 120 mg zeolite/kg soil rates. This decreasing trend of the Pb and Cd concentration in alfalfa roots and shoots was also observed in the interaction of Pb × Cd; application of higher zeolite rates in treatments containing both Pb and Cd resulted in a higher reduction of Pb and Cd in both tissues compared with the treatments containing only Pb. Shi et al. (2009) reported that zeolite fixes heavy metals in soil and prevents them from being absorbed by plants in three stages: First, the dissolved zeolite produces an alkaline environment in the soil, resulting in the deposition of insoluble phases. The newly formed phase contains the heavy metals as the main component. Then, the enhanced alkalinity improves the adsorption of metals by the metalcomplex levels. The surface of minerals has a positive charge at low pH; when the pH increases, it changes to a negative charge, which increases cation adsorption in stable complexes with negative bases. Mohamadisani et al. (2011) found that zeolites significantly reduced the Pb content in the shoots of wheat plants cultivated in a medium containing mineral wastes. Shi et al. (2009) also reported that zeolite can significantly reduce Pb absorption by plants and convert available forms of Pb to unavailable forms. Mahabadi et al. (2007) conducted an experiment using zeolite as a cadmium adsorbent in the soil and reported that the presence of zeolite in the soil reduced the Cd content in drainage water. The present evaluation of Pb and Cd accumulation in roots and shoots ( Fig.1 b,e; Fig.2 b,e) indicated that absorption and translocation to the plant tissues decreased when the application rate of modified zeolite increased: the pollutant concentration were higher in shoots than in roots. This is because lead and leadcontaining compounds have a low solubility in soil and are not easily available to plants, making it is difficult for them to absorb Pb in their roots and transfer it to their shoots. Accordingly, the Pb content in roots is usually higher than in shoots. The lowest Pb and Cd contents in alfalfa roots and shoots were related to MZ120Pb400Cd80, the highest contents to MZ0Pb400Cd80.
One method to improve the adsorption rate in zeolites is to increase their adsorptive surface by reducing the granulation size. The absorption of nutrients and heavy metals by roots is influenced by the interaction of soil properties and plant factors. Soil properties include pH, salinity, nutrient concentrations, and availability of nutrients to plant roots. In our experiment, treating the 1188 natural zeolite (clinoptilolite) with nitric acid increased the efficiency of heavy metal adsorption by altering the moisture content and Si/Al ratio in the structure of the zeolite network. The addition of ions with a specific radius into the zeolite network will induce changes in the network gap and structure. Although these changes do not affect the overall structure of zeolite, the replacement of ions in the zeolite structure does cause certain changes in channel size and thus zeolite properties. The result is an enhanced zeolite adsorption rate. 
Lead and cadmium accumulation in plant roots and shoots in response to nanoporous activated carbon
Applying nanoporous activated carbon significantly (P≤0.01) affected lead and cadmium content in annual alfalfa roots and shoots ( Table 6 ). The lowest contents in both tissues were achieved at the highest activated carbon application rate (AC40,000 mg/kg); the highest Pb content of in shoots was related to the activated carbon -free treatment (AC0Pb400Cd0). (Fig. 1c) . The interaction of Pb and Cd indicated that they were absorbed the slowest by plant roots when applied together; when activated carbon was applied along with Pb and Cd (AC40Pb400Cd80), their absorption by plant was even lower (Fig. 2c, Fig. 1f ). The highest absorption and translocation of Pb and Cd to roots and shoots was related to (AC0Pb400Cd80). (Fig.1 c,f; Fig.2 c,f) The activated carbon used in our experiment was obtained from lemon wood and had an average pore size of 0-5 nm, which enables heavy metal absorption and translocation. Lead adsorption in soil follows the Langmuir model and increases when the pH rises from 3 to 8.5. Blaylock et al. (1997) , however, reported that the solubility of lead in soil with pH ranging from 5.5-7.5 is influenced by phosphate or carbonate sediments. Thus, although plants can naturally absorb lead, the absorption is disturbed due to low availability (Sharma, Dubey, 2005) . The results of our experiments indicated that the lead and cadmium contents Fig. 1 . Mean comparison of the Z, MZ. AC levels on Pb and Cd concentration in shoot of annual alfalfa. a:effects of different Z levels on Pb concentration, b: effects of different MZ levels on Pb concentration, c: effects of different AC levels on Pb concentration, d: effects of different Z levels on Cd concentration, e: effects of different MZ levels on Cd concentration, f: effects of different AC levels on Cd concentration, Pb1: lead (400 mg/g), Pb0: without Pb, Cd0 without Cd, Cd1: cadmium (80 mg/kg), Modified zeolite (MZ), Zeolite (Z), Activated carbon (AC). Pb1Cd1: lead (400 mg/kg) and cadmium (80 mg/kg). AC0 = 0 mg/kg, AC1 = 10,000 mg/kg, AC2 = 20,000 mg/kg, AC3 = 30,000 mg/kg, AC4 = 40,000 mg/kg. MZ0 = 0 mg/kg, MZ1 = 30,000 mg/kg, MZ2 = 60,000 mg/kg, MZ3 = 90,000 mg/kg, MZ4 = 120,000 mg/kg. Z0= 0 mg/kg, Z1 = 30,000 mg/kg, Z2 = 60,000 mg/kg, Z3 = 90,000 mg/kg, Z4 = 120,000 mg/kg in roots and shoots decreased when higher amounts of activated carbon were applied. Darvish et al. (2012) found that applying activated carbon in soils polluted with Pb and Cd reduced their content in spinach roots, stems and leaves. The adsorption capacity of activated carbon depends on the size of the carbon particles; the smaller the size, the higher the adsorption efficiency. Effect of activated carbon on Pb removal was also reported by several researchers (Dwivedi et al., 2008; Karnib et al., 2014) . Granular activated carbon is also an effective adsorbent for cadmium removal. It is possible to recycle and reuse activated carbon that is fully saturated with cadmium by washing it with 0.1 N HNO3 and then with 0.1N NaOH (Reed and Arunachalam, 1994) . effects of different AC levels on Cd concentration, Pb1: lead (400 mg/g), Pb0: without Pb, Cd0 without Cd, Cd1: cadmium (80 mg/kg). Modified zeolite (MZ), Zeolite (Z), Activated carbon (AC). Pb1Cd1: lead (400 mg/kg) and cadmium (80 mg/kg). AC0 = 0 mg/kg, AC1 = 10,000 mg/kg, AC2 = 20,000 mg/kg, AC3 = 30,000 mg/kg, AC4 = 40,000 mg/kg. Mz0 = 0 mg/kg, MZ1 = 30,000 mg/kg, MZ2 = 60,000 mg/kg, MZ3 = 90,000 mg/kg, MZ4 = 120,000 mg/kg. Z0 = 0 mg/kg, Z1 = 30,000 mg/kg, Z2 = 60,000 mg/kg, Z3 = 90,000 mg/kg, Z4= 120,000 mg/kg pollutants in the pores. Depending on the form and size of these pores, activated carbon can easily absorb every type of pollutant. The volume of all pores in each gram of carbon varies from 0.7-1.3 cm 3 because of their large number. These numerous nanopores provide an extensive surface area of about 500-700 m 2 in each gram of carbon and physically adsorb pollutants. Our results showed that the highest Pb and Cd concentration in soil was achieved in Z0Pb400Cd80, the lowest concentration in Z120Pb400Cd80 (Fig. 3a, d) . All zeolite treatment levels reduced the Pb and Cd concentrations in soil compared with the zeolite-free control. Hamidpoor et al. (2010) studied the mobility and availability of Pb and Cd adsorbed on zeolite to plant roots and found that desorption of both metals from the zeolite surface is low. This indicates the ability of zeolite to fix pollutants in soil and block them from being absorbed by roots. The authors reported that desorption from the zeolite surface is a slow process, so that zeolite can effectively protect plants from heavy metal toxicity in polluted soils.
Lead and cadmium concentration in soil in response to nanoporous activated carbon, natural zeolite and modified zeolite Nanoporous activated carbon, natural zeolite and modified zeolite had a significant effect on the lead and cadmium concentration in soil (Tables 4, 5 and 6). Applying higher levels of adsorbents (activated carbon and natural/modified zeolite) reduced the concentration of both metals in the soil and in plant roots and shoots. The application of nano-adsorbents activated carbon significantly (P≤0.01) reduced the Pb and Cd content in the soil (Fig. 3) ; the lowest Pb content in the soil was related to the highest level (AC40,000 mg/kg), whereas the highest content was related to the activated carbon -free treatment (AC0Pb400Cd80; Fig. 3c ). The reduction of Pb and Cd in the soil demonstrates the role of activated carbon in heavy metal adsorption and their blockage in soil. The large surface area of nanoporous activated carbon, coupled with Van der Waals forces of molecules, adsorbs organic or other types of Fig. 3 . Mean comparison of the Z, MZ, AC, levels on Pb and Cd concentration in soil of annual alfalfa. a: effects of different Z levels on Pb concentration, b: effects of different MZ levels on Pb concentration, c: effects of different AC levels on Pb concentration, d: effects of different Z levels on Cd concentration, e: effects of different MZ levels on Cd concentration, f: effects of different AC levels on Cd concentration, Pb1: lead (400 mg/kg). Cd0: without Cd, Cd1: cadmium (80 mg/kg). Modified zeolite (MZ), Zeolite (Z), Activated carbon (AC). Pb1Cd1: lead (400 mg/kg) and cadmium (80 mg/kg). AC0 = 0 mg/kg, AC1 = 10,000 mg/kg, AC2 = 20,000 mg/kg, AC3 = 30,000 mg/kg, AC4 = 40,000 mg/kg. Mz0 = 0 mg/kg, MZ1 = 30,000 mg/kg, MZ2= 60,000 mg/kg, MZ3= 90,000 mg/kg, MZ4= 120,000 mg/kg. Z0= 0 mg/kg, Z1= 30,000 mg/kg, Z2= 60,000 mg/kg Z3 = 90,000 mg/kg, Z4 = 120,000 mg/kg Evaluating the effect of modified zeolite on soil Pb and Cd concentrations (Fig. 3e,b) showed that the Pb concentration in soil was the highest in MZ0Pb400Cd0 and lowest in MZ120 mg/kg. The effect of modified zeolite on blocking Pb and Cd in soil was more evident at the 90 and 120 mg/kg levels. The same trend was observed for cadmium. Studying the interaction of lead and cadmium showed that adding higher rates of modified zeolite along with Pb and Cd reduced the metal concentrations in soil more than when applying modified zeolite without Pb and Cd. Reducing the size of the adsorbent granules increases the surface area/volume ratio which, in turn, enhances the ion exchange sites and the adsorption efficiency. Ok et al. (2007) found that reducing the size of zeolite particles to about 2 mm significantly increased their capacity to absorb heavy metals.
Conclusions
Our experiments were designed to increase the internal diameter of pores and channels in natural zeolite and modify the clinoptilolite structure in order to improve its adsorption efficiency. The results show that we reached these objectives. For the first time, modified zeolite was used to remove soil pollutants and block them from being absorbed by plants. We demonstrate that treating natural zeolite (clinoptilolite) with nitric acid altered the zeolite moisture content and the Si/Al ratio, increasing zeolite's adsorption efficiency. Mineral acids remove impurities in the zeolite structure. This increases the specific surface area of zeolite, enhancing its adsorption efficiency. In our experiment, all three nano-adsorbents reduced the lead and cadmium concentrations in plant roots and shoots and in the soil. Nonetheless, activated carbon and modified zeolite were more effective than natural zeolite. The best activated carbon application rates were 30 and 40 mg/kg, both of which yielded almost the same results. The best application rate of modified zeolite was 120 mg/kg, which yielded very similar results to 90 mg/kg in some cases.
